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Abstract

:

Low temperatures commonly delay flowering in cut roses but enhance final flower quality, i.e., biomass, petal doubling, and flower size. However, this information remains unclear for spray-type cut roses. This study was conducted to understand the effect of suboptimal temperatures on flower quality in the spray-type cut rose ‘Pink Shine.’ The 6-month-old rooted cuttings were cultivated in environmentally controlled growth chambers at four temperature levels: 25/20 °C (optimal temperature, OT) and 20/20 °C, 20/15 °C, and 15/15 °C (suboptimal temperatures, SOTs). As expected, SOTs significantly delayed the flowering time (11.2–25 days) but enhanced flower quality, with 51% and 160% increases in flower size and biomass, respectively. SOTs did not statistically amplify petal numbers, as expected, compared with OT. Instead, SOTs significantly increased stamen and carpel numbers by 1.3 and 2 times, respectively, resulting in a 1.4-fold increase in total floral organ formation. Moreover, SOTs increased the mRNA levels of A-function genes (RhAP1** and RhFUL**) and C-function genes (RhSHP*) but suppressed the B-function gene (RhPI*), which is linked to the development of plant reproductive structures (stamen and carpel) in spray-type cut roses. Conclusively, the growth temperature was more effective for quantity accumulation than for the number of petals but was similar in carpels. These results suggest that SOTs enhance carpel differentiation during flowering, implying that flowers may choose a reproductive strategy through carpels over petals.
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1. Introduction


Roses are the most traded cut flowers globally [1]. Over the last two centuries, many breeders have contributed to the development of new rose varieties with morphological diversity in petal number, color, fragrance, floral shape and structure, flowering time, and frequency [2,3]. In flower forms, standard-type roses produce a bigger flower on a stem compared with spray-type ones having more than four to five flowers per shoot [4]. Consequently, modern rose plants (Rosa hybrida L.) have become representative cut flowers with diverse phenotypes [4].



Most modern roses have double flowers with two or more layers of petals, several of which express a mid-form between the petals and stamens, called petaloid stamens or stamenoid petals [5]. This morphological transition between petals and stamens, a reversal phenomenon, is a phyllody symptom characterized by leaf-like structures replacing normal floral organs [6,7]. A double flower is desirable for many ornamental plants, such as carnations, lilies, petunias, and other bedding plants, because of its aesthetic and commercial needs [8,9]. Therefore, understanding the mechanisms underlying petal doubling in relation to genetic and environmental factors is essential.



Previous studies have reported that floral organ formation is related to temperature conditions during plant growth and changes in their ratios [5,9]. In the standard-type cut rose ‘Vital,’ a heat stress cultivation condition of 32/25 °C considerably reduced the number of floral organs in all sepals, stamens, and carpels, while a relatively low temperature of 18/10 °C slightly increased their numbers [5]. The extremely suboptimal temperature of 15/5 °C dramatically increased the petal number compared with optimal temperature conditions of around 25/18 °C [9]. The above studies showed different results in petal doubling at low temperatures, while the same effects were observed in the reproductive organs (stamens and carpels) with a marked increase. Long-term exposure to low temperatures from bud break to flowering in cut roses increases the number of floral organs, especially reproductive organs such as stamens and carpels. However, the petals did not increase in number as much as expected, compared with a significant reduction in hyperoptimal temperatures of 32/25 °C [5]. Short-term exposure to low temperatures of 15/5 °C during only a short floral development period significantly increased the number of petals, discussed as a transformation of stamen into petals caused by suppression in RhAG level (C-function gene). Finally, the number of stamens decreased [9]. According to the ABCE model for the formation and development of each floral organ, sepals are referred to as A-function genes, petals as A- and B-function genes, stamens as B- and C-function genes, and carpels with C-function genes. E-function genes are expressed in the primordia of all the whorls in floral organs and contribute to organ determination [10,11]. These results indicate that floral organ formation and petal–stamen transition are related to the comprehensive expression levels of MADS-box genes during floral development [12,13].



The global production places of cut rose flowers have moved fast to the equatorial regions of North Africa and Central and South America, including such countries as Ecuador, Columbia, and Kenya, with sufficient year-round sunlight and constant moderate temperature around 20/14 °C [14]. The cut rose flowers produced in these regions are generally more qualified with longer and larger stems and flowers by relatively bright sunlight and suboptimal temperature. Flowering, of course, is significantly delayed [15]. Recently the spray-type cut rose ‘Pink Shine,’ bred by the National Institute of Horticulture and Herbal Science (NIHHS), Rural Development Administration (RDA), has been tested and produced in Kenya and Ecuador for export to the European market [16]. However, the morphological traits in the exported cultivars such as ‘Pink Shine’ were differently expressed in Kenya and Ecuador. ‘Pink Shine’ is appropriate to examine the effect of low-temperature conditions on growth and floral organ development because it has double flowers (petals > 25) with pink-colored petals. Therefore, we focused on a spray-type cut rose and suboptimal temperature conditions simulating equatorial regions such as Kenya. We first investigated the plant growth response and floral organ formation of spray-type cut rose ‘Pink Shine’ under relatively low-temperature conditions, providing the basic knowledge to understand floral development and organogenesis.




2. Materials and Methods


2.1. Plant Materials


The material variety for the experiment was spray-type cut rose ‘Pink Shine’ bred by NIHHS, which was propagated by cutting in NIHHS, RDA, on 20 January 2022. Rooted plants were transplanted into pots containing commercial soil (Baroker, Seoul Bio, Seoul, Republic of Korea) and perlite mix (2:1 v/v) at the University of Seoul (UOS) on 30 March 2022 and dosed with controlled-release fertilizer (Osmocote, ICL Specialty Fertilizers, Waardenburg, The Netherlands) at 9.3 g·L−1 concentration. The potted plants were grown in an experimental greenhouse at the UOS during two flush intervals of 70 days. On 10 June 2022, they were placed in environmentally controlled growth chambers (HB-301S-3, Hanbaek Scientific Co., Bucheon, Republic of Korea) for acclimation for one week.




2.2. Temperature Treatment


After acclimation, the day/night temperature of growth chambers was set as 25/20 °C (an optimal temperature, OT), 20/20 °C, 20/15 °C, and 15/15 °C (suboptimal temperatures, SOTs) to know the changes in flowering response and floral organ formation under low-temperature conditions. This temperature range was considered mild conditions to grow and develop rose plants, which did not incur physiological disorders, such as bullhead and blindness in flowers [5]. All chambers were configured with a 16/8 h light/dark cycle at 50 ± 5% relative humidity and 458 ± 61 µmol·m−2·s−1 PPFD light intensity using white LED and high-pressure sodium mixed lamps. Additionally, a nutrient solution of 300 mL was regularly supplied to each pot (EC 1.2 ± 0.1 dS·m−1, pH 5.8 ± 0.1). The composition of the nutrient solutions was as described by Yeon et al. [5].




2.3. Flowering Response and Floral Organ Development


The rose flowers were harvested when the outer five petals of the central flower opened during blooming. The number of days to flowering was determined from the bud break (>1 cm shoot length) to harvest. We measured stem length, fresh weight, flower size (height × width), peduncle length, and floret number. The floral organs within a flower were divided into sepals, petals, petaloid stamens, stamens, and carpels. The petaloid stamen was classified morphologically as an irregularly shaped stamen without real anthers, as described previously [9]. The number of floral organs and dry weight (DW) of all harvested flowers were measured. To understand the effect of input temperature energy on flower quality and floral organ development, the relative accumulated temperature to flowering, TEMPsum, was calculated as the sum of the treated absolute temperature and the input energy per hour during the number of days required for flowering from bud break.




2.4. RNA Extraction and qRT-PCR


For the quantitative real-time PCR (qRT-PCR) analysis, we sampled floral buds (2.2 ± 0.1 mm diameter), wherein stamen primordia emerged and developed. Whole floral buds frozen by liquid N2 were stored at −80 °C. Total RNA was extracted using a plant RNA extraction kit (Takara MiniBEST Plant RNA Extraction Kit, Takara, Kusatsu, Japan), and complementary DNA (cDNA) was synthesized from 1 µg of the extracted RNA using a cDNA synthesis kit (PrimeScript 1st strand cDNA synthesis Kit, Takara, Kusatsu, Japan). All subsequent steps were performed according to the manufacturer’s instructions, as described by Yeon et al. [5]. The relative expression levels of eight floral organ identity genes, RhAP1, RhAP2, RhFUL (A-function genes in the ABC model), RhAP3 and RhPI (B-function genes), RhAG and RhSHP (C-function genes), and RhSEP (E-function gene), which were previously reported to be associated with floral organ identification in rose species (Table 1), were determined based on OT. To analyze the relative expression levels of these genes, raw cycle threshold (Ct) values were calculated using the 2-ΔCt method. The examined genes were compared with RhACT1, used as a reference gene. The primers used are listed in Table 1, and three biological replicates were used.




2.5. Statistical Analyses


Analysis of variance (ANOVA) was performed using the SAS statistical software package (ver. 9.4, SAS Institute Inc., Cary, NC, USA). The difference between the means was evaluated using the least significant difference (LSD, p = 0.05) and the Student’s t-test. A Pearson’s correlation analysis was additionally performed.





3. Results


3.1. Flowering Response


The lowered temperatures, SOTs (20/20 °C, 20/15 °C, and 15/15 °C), positively changed flower quality by long and heavy stems, large, thick colored petals and flowers, and increased florets compared with the optimal temperature of 25/20 °C (OT) (Figure 1 and Table 2). The SOTs significantly improved the quantitative traits of flower quality (Table 2). The length and fresh weight per floral shoot in the SOTs increased by 2.4–16.5% and 33.7–113.3%, respectively. SOTs also brought about 1.5 times large flowers, 1.3 times long peduncles, 2.4 times heavy and oversized petals, and 1.4 times more florets, with a significant difference. However, as previously reported [17], the maximal 25-day delay in flowering at SOTs was negatively affected.




3.2. Floral Organ Differentiation


As the temperature was lower in SOTs, all floral organs (sepals, petals, stamens, and carpels) increased in number by a maximum of 39.7% compared with that in OT (Table 3). Stamens and carpels increased significantly by 1.3 and 2 times, respectively, whereas petals did not increase significantly. Based on the number of petals, stamens increased by 48.4% and carpels by 168.6% as the temperature decreased from OT (25/20 °C) to SOT (15/15 °C). The proportion of carpels in floral organs increased by 27.4% from 19.4%, whereas that of petals decreased by 22% from 27.3% under SOTs. The daily differentiation rate of floral organs was calculated by dividing the number of floral organs by the days to flowering (DAY). The petal differentiation rate decreased with decreasing temperature, whereas the carpel differentiation rate increased (Figure 2).



The number and biomass accumulation of floral organs showed a similar increasing trend except for the number of petals (Figure 3). In particular, the number of carpels and dry weight of the floral organs (petals, stamens, and carpels) significantly increased as TEMPsum increased, that is, as the growth temperature decreased. The growth temperature was more effective for quantity accumulation than for the number of petals but was similar in carpels.




3.3. Correlation between Temperature and Flower-Related Traits


The correlation between growth temperature and various flowering-related traits supports these results (Table 4). TEMPsum positively correlated with the number of floral organs (r = 0.47 **), especially carpels (r = 0.66 ***), but not with the number of petals. In addition, TEMPsum showed a significant positive correlation with the biomass of each floral organ (r = 0.34 * to 0.70 ***) and the flower quality traits such as shoot weight (r = 0.45 **) and flower size (r = 0.50 ***). The correlation between TEMPsum and DAY was 0.99 ***, implying that when the growth temperature is lowered from OT (25/20 °C) to SOT (15/15 °C), the influence of temperature on flowering in rose ‘Pink Shine’ is not equal and decreases, which is consequently not the optional range for rose growth. The number of floral organs positively correlated only with shoot weight (r = 0.47 ***) among the flowering-related traits, and the dry weight of floral organs correlated with flower size (r = 0.57 ***) and shoot weight (r = 0.43 **), both of which had a significant positive correlation with TEMPsum or DAY (r = 0.45 ** to 0.51 ***).




3.4. Expression Levels of Flowering-Related Genes


Based on our previous studies [5], we monitored the mRNA levels of floral organ identity genes, including RhAP1, RhAP2, and RhFUL (A-function genes), RhAP3 and RhPI (B-function genes), RhAG and RhSHP (C-function genes), and RhSEP (E-function gene) in the floral buds of the rose ‘Pink Shine’ to evaluate how growth temperature affects the flowering response and floral organ development (Figure 4). The expression levels of RhAP1 and RhFUL among A-function genes significantly increased by 1.47–1.94 times in the SOT groups than in the OT group. In contrast, floral buds developed under SOTs maintained a slightly lower level of RhPI at 71–82% but were unchanged in RhAP3 among the B-function genes. The C-function genes also showed different expression levels between RhAG (unchanged) and RhSHP (significantly upregulated by 34–71% as SOTs were lower than OT).





4. Discussion


Temperature affects flowering plants’ growth response and flower quality [18,19]. Previous studies have reported that low temperatures could delay flowering time but significantly improve flower quality with longer floral shoots, larger flowers, increased biomass of floral organs, and petal doubling, which have a commercial value in cut roses [20]. Suboptimal temperatures usually decrease respiration and increase plant carbon assimilation [14]. In this study, SOTs produced expectedly longer floral shoots and more prominent flowers and increased the biomass of floral organs with flowering delay in the spray-type cut rose ‘Pink Shine’ (Table 2, Figure 3). The improved flower quality of ‘Pink Shine’ was also achieved by increasing the number of florets per floral shoot, which is very important to spray-type cut rose varieties and has not been widely reported in previous studies on rose production based on changes in abiotic factors conditions. Many roses are produced in equatorial regions, such as Kenya and Ecuador, where the daily average air temperature is usually constant between 15 and 20 °C, resulting in high-quality rose flowers with the potential marketability as exported worldwide [14].



The development of floral organs differed between the SOT groups. In addition, SOTs changed the proportion of each floral organ to the total number by dramatically increasing the carpels and stamens during the days up to flowering (DAY) (Table 3 and Figure 3). The daily petal differentiation rate decreased with decreasing temperature. Still, the carpel differentiation rate increased in SOTs (Figure 2). Based on the results of this study, the reproductive structures (stamens and carpels) among the floral organs were found to be significantly more susceptible to SOTs than the perianth (sepals and petals) in the spay-type rose ‘Pink Shine.’ This could be attributed to differences in lipid-membrane compounds, accumulation of specific proteins, and lower water content, which improves the cold tolerance of reproductive organs [21]. The standard-type cut rose ‘Vital’ increased the composition rate of carpels at 18/10 °C, but the daily differentiation of petals and carpels reduced, compared with those at 25/18 °C [5]. Floral organ development in low temperatures was partly different between the standard-type and the spray-type in cut roses, which was considered as resulting from the changes in the range of SOTs in stress (10–18 °C) or moderate (15–20 °C) conditions during the flowering period. These results suggest that SOTs enhance carpel differentiation during flowering, implying that flowers may choose a reproductive strategy through carpels over petals. This result could be due to the limited sink sources, such as the carbohydrate content of SOTs.



Floral organ formation is associated with the expression of MADS-box genes through separate functions that identify each organ, sepal, petal, stamen, and carpel in the apical meristem of flowering shoots by the ABCE model [22,23]. The relative expression levels of these genes in floral buds depend on the flowering stage, floral organ composition, and environmental conditions [24]. A-function genes, which are homologs of AP1 in roses, are known to identify sepals and induce the transition from the vegetative growth stage to the reproductive stage [22]. RdAP1 is more highly expressed in double flowers than in single flowers of roses [24]. The relative expression of the C-function genes RhAG and RhSHP was higher under stress-induced temperature conditions than under optimal conditions, resulting in changes in the floral organ composition of roses. An abnormal rose flower consisting of only sepals, R. chinensis var. viridiflora, showed a lower expression level of RcSEP3 than one of normal phenotype, R. chinensis ‘Old Blush’ [25].



In the present study, RhAP1, RhFUL (A-function), and RhSHP (C-function) expression were 1.47–1.94 times higher in SOTs in the spray-type cut rose ‘Pink Shine’ than that in the OT group (Figure 4). The relative expression of RhPI (B-function) was considerably lower (0.71–0.82 times) than that in the OT group. ‘Pink Shine’ had more than five sepals in distress in SOTs (Table 3). This seems to have variety-specific characteristics because Rosaceae flowers usually produce five sepals, regardless of petal doubling. The spray-type cut rose also had 32.8–126.6% increased florets in 20/20 °C and 15/15 °C (Table 2), which was matched to the upregulated relative expression of A-function gene RhFUL (Figure 4), concerning inflorescence development, the suppression of respiration with more carbohydrate supply, and the balance of phytohormones, such as auxin and cytokinin developing lateral buds [13]. Unlike A-function genes, lower expression levels of the B-function genes RhAP3 and RhPI were associated with lower petal-forming plasticity in SOTs. RhAG, a C-function gene generally associated with petal doubling in roses, was expressed similarly regardless of temperature. However, another AGAMOUS homolog gene, RhSHP (MASAKO D1), played a critical role in forming and developing reproductive organs such as stamens and carpels in the spray-type cut rose ‘Pink Shine’ [26]. Furthermore, previous studies had examined the effects of low temperatures over a short period [9], while the rose plants in this study were exposed to low temperatures for the entire flowering period. This prolonged exposure may have contributed to the recovery of their growth and promotion of reproductive organ development, with increased expression of B- and C-function genes, such as RhFUL and RhSHP. Yeon et al. [5] reported that the high level of relative expression of RhAG induced the increase in reproductive organ development in standard-type cut rose ‘Vital’ under low-temperature stress conditions during flowering. The E-class functional gene RhSEP was not differentially expressed in SOTs. However, its relative expression level was slightly upregulated at 15/15 °C, inducing an increase in total floral organs by 39.7% in the spray-type cut rose (Table 3).




5. Conclusions


In conclusion, suboptimal temperatures (SOTs) below 25/20 °C (OT) positively affected flower quality through long and heavy stems, large and thick colored petals and flowers, and increased florets. Simultaneously, flowering was dramatically delayed by up to 25 days, causing low year-round productivity in spray-type cut roses. This study revealed that SOTs increased the reproductive organs, especially carpels, with the higher expression level of RhSHP, implying that those conditions could induce the continuous differentiation of them produced later than perianth in the spray-type cut rose ‘Pink Shine’. The upregulation of RhFUL and RhAP1 appeared to be associated with increased sepals and florets. Therefore, cut roses showed less plasticity in petal formation in SOTs than in stamens and carpels, which was associated with some genes related to floral organ development, regardless of flowering type. This study will significantly contribute to further understanding of the influence of suboptimal temperatures on the development of the reproductive structures of rose flowers.
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Figure 1. Visual changes in the size and color of a flower and separated floral organs in the spray-type cut rose ‘Pink Shine’ by temperature conditions: (A) 25/20 °C (day/night, OT); (B) 20/20 °C; (C) 20/15 °C; (D) 15/15 °C. These photos represent floral organs under a flower, in order of petals (including petaloid stamens), stamens, and carpels by each column. Scale bars mean 2 cm. 
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Figure 2. Daily differentiation rate of floral organs in the spray-type cut rose ‘Pink Shine’ by temperature conditions. Vertical bars represent standard deviation (n = 12). ns and * not significant and significant at p < 0.05, ANOVA. 
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Figure 3. Comparison of floral organ formation (left) and biomass accumulation (right) in the spray-type cut rose ‘Pink Shine’ by input temperature accumulation during the period to flowering: Accumulative temperature (kK), sum of the treated absolute temperature (K) converted into kilo K (kK); DW, dry weight. Vertical and horizonal bars represent SD (n = 12). ** and *** significant at p < 0.01 and 0.001, ANOVA. 
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Figure 4. Relative expression level of eight floral identity genes in the spray-type cut rose ‘Pink Shine’ by temperature condition. Expression levels were detected in floral buds of 2.2 ± 0.1 mm diameter. Vertical bars represent SD (n = 3). * and ** significant at p < 0.05 and 0.01, respectively, the Student’s t-test. 
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Table 1. Primer sequence for amplification of cDNA by qRT-PCR analyses.






Table 1. Primer sequence for amplification of cDNA by qRT-PCR analyses.





	Gene
	Species
	Accession

Number
	Product Length (bp)
	Forward Sequence
	Reverse Sequence





	RhAP1
	R. hybrida
	FJ970026.27
	87
	ACAAGATCAACAGGCAGGTC
	GAGCATCGCACAAGACAGAG



	RhAP2
	R. chinensis
	MF773425.1
	103
	CTCCGAAATGGAACCCACAC
	GCAGAACTTGACTCCGACC



	RhFUL
	R. hybrida
	FJ970028.1
	130
	ACCAGCCCTACTCTCTTCTC
	TGGTGGCATGAGTGTGTTAC



	RhAP3
	R. rugosa
	AB099875
	107
	CCTCATGGTTTCCTCTTCCG
	CCAAAGGTCAATTCCGAGG



	RhPI
	R. rugosa
	AB038462
	139
	TGGAAAGAGGTTATGGGATGC
	CAGGTCCACATGGTTCAGAG



	RhAG
	R. hybrida
	U43372.1
	91
	ATCGTCAAGTCACCTTCTGC
	ATGAGAGCAACCTCAGCATC



	RhSHP
	R. rugosa
	AB025643
	106
	AATGACAGGGCACAACAGC
	CAGGGAGAAAGCTCCTATCG



	RhSEP
	R. rugosa
	AB099876.1
	86
	AGACAAACATGGGAACGTGG
	GGCTGGAACATAAGACCCTG



	RhACT1

(reference)
	R. hybrida
	KC514918.1
	116
	GTTCCCAGGAATCGCTGATA
	TCCTCCGATCCAAACACTG
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Table 2. Flowering responses and floral traits in the spray-type cut rose ‘Pink Shine’ by temperature conditions.






Table 2. Flowering responses and floral traits in the spray-type cut rose ‘Pink Shine’ by temperature conditions.





	Treatment
	Days to Flowering

(Days)
	Shoot Length

(cm)
	Shoot Weight

(g FW)
	Flower Size z

(cm2)
	Flower Weight

(g FW)
	Petal Size

(cm2)
	Petal

Weight

(g FW)
	Peduncle Length

(cm)
	No. of

Florets y





	25/20 °C
	47.6 c x
	29.7 b
	30.9 b
	13.6 c
	4.2 d
	198.5 c
	3.1 c
	2.6 b
	2.6 b



	20/20 °C
	58.8 b
	34.6 a
	65.7 a
	17.4 b
	7.0 c
	309.5 b
	5.4 b
	3.1 a
	3.1 a



	20/15 °C
	68.0 a
	30.4 ab
	41.3 b
	18.7 ab
	8.6 b
	335.6 b
	6.4 b
	3.0 ab
	3.0 ab



	15/15 °C
	72.6 a
	32.9 ab
	65.9 a
	20.5 a
	10.9 a
	404.6 a
	8.4 a
	3.5 a
	3.5 a



	Significance
	***
	ns
	***
	***
	***
	***
	**
	**
	**







z Flower height x width in the first floret; y includes all visible axillary floral buds per floral shoot; x mean separation within columns by LSD at p = 0.05 (n = 12). ns, ** and *** not significant and significant at p < 0.01 and 0.001, respectively, ANOVA.
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Table 3. Differentiation of floral organs in the spray-type cut rose ‘Pink Shine’ by temperature conditions.
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	Treatment
	Sepal
	Petal
	Petaloid Stamen
	Stamen
	Carpel
	Total





	25/20 °C
	6.1 ± 1.0 z

(1.7%)
	95.9 ± 24.1

(27.3%)
	22.8 ± 10.9

(6.4%)
	158.9 ± 20.3

(45.2%)
	68.1 ± 8.9

(19.4%)
	351.8 ± 45.7

(100%)



	20/20 °C
	6.4 ± 0.7

(1.5%)
	109.9 ± 20.6

(25.0%)
	30.9 ± 16.3

(7.0%)
	205.8 ± 20.7

(46.7%)
	87.3 ± 18.5

(19.8%)
	440.3 ± 57.2

(100%)



	20/15 °C
	6.5 ± 1.1

(1.4%)
	107.0 ± 27.4

(23.0%)
	26.1 ± 12.0

(5.6%)
	212.8 ± 57.3

(45.8%)
	112.5 ± 31.7

(24.2%)
	464.9 ± 106.6

(100%)



	15/15 °C
	6.6 ± 1.1

(1.3%)
	108.2 ± 34.2

(22.0%)
	28.7 ± 6.9

(5.8%)
	213.9 ± 35.5

(43.5%)
	134.1 ± 46.2

(27.4%)
	491.5 ± 106.6

(100%)



	Significance
	ns
	ns
	ns
	**
	***
	**







z Values are means ± SD (n = 12). ns, **, and *** not significant and significant at p < 0.01 and 0.001, respectively, ANOVA.
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Table 4. Correlation between various flowering characteristics in the spray-type cut rose ‘Pink Shine’ by temperature conditions.
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	Variable
	DAY
	SL
	SW
	FS
	PL
	Floret
	Floral

Organ
	Sepal
	Petal
	Petaloid-S
	Petal + PS
	Stamen
	Carpel
	DWFO





	TEMPsum
	0.99 ***
	0.26
	0.45 **
	0.50 ***
	0.34 *
	0.07
	0.47 ***
	0.03
	0.15
	−0.18
	0.06
	0.42 **
	0.66 ***
	0.58 ***



	DAY
	
	0.25
	0.45 **
	0.51 ***
	0.35 *
	0.06
	0.47 ***
	0.03
	0.16
	−0.17
	0.07
	0.43 **
	0.67 ***
	0.59 ***



	SL
	
	
	0.66 ***
	0.12
	0.32 *
	0.61 ***
	0.29 *
	−0.08
	0.25
	0.01
	0.21
	0.34 *
	0.19
	0.24



	SW
	
	
	
	0.32
	0.55 ***
	0.76 ***
	0.47 ***
	0.01
	0.34 *
	0.20
	0.37 *
	0.39 **
	0.46 **
	0.43 **



	FS
	
	
	
	
	0.34
	0.05
	0.08
	0.20
	−0.14
	0.11
	−0.08
	0.07
	0.18
	0.57 ***



	PL
	
	
	
	
	
	0.40 **
	0.36 *
	−0.13
	0.23
	0.28
	0.30 *
	0.29 *
	0.33 *
	0.28



	Floret
	
	
	
	
	
	
	0.25
	−0.13
	0.28
	0.20
	0.31 *
	0.25
	0.10
	0.15



	Floral organ
	
	
	
	
	
	
	
	−0.05
	0.80 ***
	0.29 *
	0.79 ***
	0.89 ***
	0.90 ***
	0.61 ***



	Sepal
	
	
	
	
	
	
	
	
	−0.26
	0.15
	−0.16
	0.01
	−0.03
	0.19



	Petal
	
	
	
	
	
	
	
	
	
	0.23
	0.93 ***
	0.56 ***
	0.65 ***
	0.31 *



	Petaloid-S
	
	
	
	
	
	
	
	
	
	
	0.57 ***
	0.15
	0.08
	0.33 *



	Petal + PS
	
	
	
	
	
	
	
	
	
	
	
	0.53 ***
	0.58 ***
	0.38 **



	Stamen
	
	
	
	
	
	
	
	
	
	
	
	
	0.71 ***
	0.51 ***



	Carpel
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.67 ***







DAY, days to flowering; SL, shoot length; SW, shoot weight; FS, flower size (height × width); PL, peduncle length; Floret, floret numbers per floral shoot; Floral organ, total floral organ number per flower; Sepal, sepal numbers; Petal, petal numbers; Petaloid-S, petaloid stamen numbers; Petal + PS, petal and petaloid stamen numbers; Stamen, stamen numbers; Carpel, carpel numbers; DWFO, dry weight of total floral organ; DWsepal, dry weight of sepals; DWpetal, dry weight of petals; DWPS, dry weight of petaloid stamens; DWpetal+PS, dry weight of petals and petaloid stamens; DWstmen, dry weight of stamens; DWcarpel, dry weight of carpels; TEMPsum, the temperature accumulation (degree hour) until the days to flowering (DAY). *, **, and *** significant at p < 0.05, 0.01, and 0.001, respectively, ANOVA (n = 12).
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